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出バッファー（100 mM Tris， 10 mM EDTA， 1 M 
































































Takara Taq Hot Start Version（5ユニット/µl，タカ
ラバイオ）を含む反応液を調製し，Takara Thermal 
Cycler Dice（タカラバイオ）を用いて，基本的




表 3に示した．反応終了後 10µlを 2％アガロースゲ































ミルサーによる粉砕（秒） - - - - 30 30 30
玄米粒数または米粉重量 1粒 5粒 10粒 20粒 0.5g 0.5g 0.5g
　＋DNA抽出バッファー（µl） 400 500 500 500 750 750 750
バッファー浸水時間（時間） 0～18 2～18 2～18 2～18 0 0 0
振盪機による破砕（分） 2 2～4 2～4 2～4 2 2 2
遠心後使用する上澄み（µl） 400 50 100 100 40 40 40
　＋希釈用バッファー（µl） 0 350 300 300 360 360 360
クロロホルム/イソアミルアルコール（µl） 400 400 400 400 400 400 400
イソプロパノール（µl） 400 400 400 400 400 400 400



















コシヒカリ Pc1454 SNP Pc1454 BL2-531 TCAGTTCTGGGGTTTGATTTAATTGCG 590 0.2 32 56
　20％ Pc1454 BL2-311 TGTATTTGTTTTATATTCACCGGTTACAAAGT
Pg320 SNP Pg320-521 TGTTCCAAGCCTCACGTACC 554 0.2
Pg320-BL1-32 AATATCTGAAACAGCCAAACAACCGA
ta5 SNP Pita5e CGAAAGGTGTATGCACTATAGTATCC 516 2） 0.2
Pita5sta5 CAGCGAACTCCTTCGCATACGCA 2）
z56592 SNP P5659e21L GCATAGGAATCTATTGCTAAGCATGAC 299 2） 0.4
P5659sZ95LL GAGGACCCGCGTTTTCCACGTGTAA 2）
BL1号 Pc1454 SNP Pc1454-BL2-531 TCAGTTCTGGGGTTTGATTTAATTGCG 590 0.2 32 60
　10％ Pc1454-BL2-311 TGTATTTGTTTTATATTCACCGGTTACAAAGT
Pg320 SNP Pg320-521 TGTTCCAAGCCTCACGTACC 555 0.2
Pg320-K-32 CAATATCTGAAACAACCAAACAACCGT
17P1 SNP 17P1-N51L GCTGACAACGTAGATTAGGTTTCTATCAATAATAA 265 3） 0.2
17P1-N32L CTTGACAATCCTGTTTGTCGCAGA 3）
BL2号 Pc1454 SNP Pc1454-K-53 CAGTTCTGGGGTTTGATTTAATTGCT 583 0.2 34 56
　5％ Pc1454-K-31 TGTTTTATATTCACCGGTTACAAAGC
b28 SNP b28s1 ATCAGGCCAGGCCAGATTTG 389 2） 0.08
b28eb15 GACTCGGTCGACCAATTCGCC 2）
34P1 SNP 34P1-512 CGAGCAGATCCTCCTCGTC 340 3） 0.4
34P1-A-3 CGGCAAGCACAGCGTTC 3）,4）
zt56591 SNP P5659s91L TCTAAAACATCTCTTCATATATATGAAGGCCAC 271 2） 0.2
P5659eZ95L AGTAGTTGCTGAGCCATTGTTAAACA 2）
BL3号 ta5 SNP Pita5e CGAAAGGTGTATGCACTATAGTATCC 516 2） 0.2 32 60
　0.4％ Pita5sN5 CAGCGAACTCCTTCGCATACGCG 2）
BL4号 z56592 SNP P5659e21L GCATAGGAATCTATTGCTAAGCATGAC 293 2） 0.1 32 60
　10％ P5659sN95S CCGCGTTTTCCACGTGTAC 2）
26P1 SNP 26P1-N-5 TTGTTTAGACAAAGTAAAGGAGGAATGCC 201 3） 0.2
26P1-31 GATATCTTAGGGCCCGTTTGG 3）
BL10号 b28 SNP b28s1 ATCAGGCCAGGCCAGATTTG 389 2） 0.2 32 60
　2％ b28eN15 GACTCGGTCGACCAATTCGCA 2）
BL11号 zt56591 SNP P5659s91L TCTAAAACATCTCTTCATATATATGAAGGCCAC 271 2） 0.2 32 60
　2％ P5659eN95L AGTAGTTGCTGAGCCATTGTTAAACG 2）
こしいぶき 4P1 SNP 4P1-N-52 TTGTACCAAATAAATCAGGACCACTCTT 381 3） 0.4 32 60
　5％ 4P1-314 TGAAAGCAACTTAGACGAATAATAAACC 3）
26P1 SNP 26P1-K-5 TTGTTTAGACAAAGTAAAGGAGCAATGCT 201 3） 0.2
26P1-31 GATATCTTAGGGCCCGTTTGG 3）
6P1 SNP 6P1-N-522 CCAACTGCTGCAATAATGCC 131 3） 0.2
6P1-N-322 CGTAGCAACTCAATATAACATCAGCTAA 3）
ゆきの精 19P1 SNP 19P1-N-5 GAGAGAGATTTTGTATCAGATTGCTGTCAG 230 3） 0.2 32 60
　1％ 19P1-3H1 ACAAACAGCAGTTAGCTTGTGACC 3）
わせじまん 33P1 STS 33P1-5 AGTGCTCAAGAAATCATAGCTGA 260 3） 0.04 32 60
　10％ 33P1-D3 AGTTTCCAGCACCTAGCC 3）










































ひとめぼれ 17P1 SNP 17P1-N51L GCTGACAACGTAGATTAGGTTTCTATCAATAATAA 265 3） 0.2 32 60
　5％ 17P1-N32L CTTGACAATCCTGTTTGTCGCAGA 3）
26P1 SNP 26P1-N-5 TTGTTTAGACAAAGTAAAGGAGGAATGCC 203 3） 0.2
26P1-31L TCGATATCTTAGGGCCCGTTTGG 3）
こがねもち 35P1 STS 35NP1-52 ATATGTCCCGTGCTTTGTGC 208 3） 0.2 38 60
　1％ 35P1-5 TCTGACACTCTTATCAACAATTACATGAC 3）
わたぼうし 4P1 SNP 4P1-K-52 TTGTATCCAAATAAATCAGGACCACTCTG 382 3） 0.4 32 56
　5％ 4P1-314L TGAAAGCAACTTAGACGAATAATAAACCTAGTATC 3）
17P1 SNP 17P1-N51L GCTGACAACGTAGATTAGGTTTCTATCAATAATAA 265 3） 0.1
17P1-N32L CTTGACAATCCTGTTTGTCGCAGA 3）
五百万石 33P1 STS 33P1-5 AGTGCTCAAGAAATCATAGCTGA 260 3） 0.08 32 60
　10％ 33P1-D3 AGTTTCCAGCACCTAGCC 3）
6P1 SNP 6P1-N-522 CCAACTGCTGCAATAATGCC 131 3） 0.2
6P1-N-322 CGTAGCAACTCAATATAACATCAGCTAA 3）
越淡麗 27P2 SNP 27P2-K5L GTGGTAATCTTTCTTCTACATCGGAGC 330 3） 0.3 32 60
　5％ 27P2-K3L CCACTTTGATTCATCCACTGGACATAAT 3）,5）
34P2 STS 34P2-5L TCATTACTGCCAAACCGCTTGC 98 3） 0.2
34P2-3L AATTCTGTGATCCATTATTGTCCGTAACC 3）
あきたこまち 27P2 SNP 27P2-K-5 GGTAATCTTTCTTCTACATCGGAGC 325 3） 0.3 32 60
　5％ 27P2-K-3 CTTTGATTCATCCACTGGACATAAT 3）,5）





































































4P1 382 1 1 1 1 1 1 1 1 0 1 1 1 0* 0 0 1
17P1 254 1 1 1 1 1 1 1 0 0 1 0* 0 1 0 0 1
26P1 201 1 1 1 1 1 1 1 0 0 0 1 0 0 0 0 1
6P1 131 0 1 0 0 0 0 0 0 1 1 0 1 0 0 0 1
34P3 438 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0
33P1 260 1 1 1 1 1 1 1 1 1 0 1 0 1 0 1 1
29P1 148 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1
31P1 410 1 1 1 1 1 1 1 1 0 1 1 0 0 0 0 1
27P2 325 1 1 1 1 1 1 1 0 0 0 1 0 0 1 0* 0
19P1 230 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
31P2 505 1 1 1 1 1 1 1 0 0 0 1 0 0 0 0 1
34P1 340 0 0 0 0 1 0 0 1 1 1 1 0 1 1 1 1
38P1 193 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
18P1 593 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
35P1 208 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1
34P2 91 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0* 1
Pg320 554 0 1 0 0 0 0 0 0 1 1 0 1 0 0 0 1
Pc1454 583 0* 0* 1 0 0 1 1 1 0 1 1 0 1 1 0 1
ta5 516 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
z56592 293 0* 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0
b28 389 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
zt56591 258 0 0 0* 0 0 0 1 0 0 0 0 0 0 0 0 0
4P1** 381 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0
17P1** 259 0 0* 0 0 0 0 0 1 1 0 1 1 0* 1 1 0
26P1 201 0 0 0 0 0 0 0 1 1 1 0* 1 1 1 1 0
19P1 230 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1
Pg320 554 1 0* 1 1 1 1 1 1 0 0 1 0 1 1 1 0
Pc1454 583 1 1 0 1 1 0 0 0 1 0 0 1 0 0 1 0
ta5 516 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1
z56592 293 1 1 1 1 0* 1 1 1 1 1 1 0 1 1 0 1
b28 389 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1
zt56591 258 1 1 1 1 1 1 0* 1 1 1 1 1 1 1 1 1
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In Niigata Prefecture, almost all of the rice cultivar 
‘Koshihikari’ , a good eating-quality cultivar, was 
replaced in 2005 by the cultivars ‘Koshihikari Niigata 
BL No.1’ , ‘Koshihikari Niigata BL No.2’ , ‘Koshihikari 
Niigata BL No.3’ , ‘Koshihikari Niigata BL No.4’ , 
‘Koshihikari Niigata BL No.10’（after 2008）and 
‘Koshihikari Niigata BL No.11’（after 2011）, which 
are multiline cultivars composed of blast-resistant 
isogenic lines, so that farmers could decrease using 
agricultural chemicals needed to control rice blast. 
Because unexpected contamination from other 
cultivars and outcrosses out of a certain cultivar 
may counteract the desired reduction of agricultural 
chemical use, it is necessary to maintain ‘pure’ seed 
strains（uncontaminated）of ‘Koshihikari BLs’ .
To detect such contaminations, a ‘negative’ DNA 
marker set composed of single or multiple DNA 
markers is very useful. We observed that with this 
negative marker set, no DNA fragments were amplified 
by PCR when template DNA from a certain target 
cultivar was used, but one or more DNA fragments 
were detected when DNA from any other contaminant 
cultivar was used. To develop markers for a negative 
marker set from STS markers, many markers must 
be assessed so that proper markers can be found. In 
contrast, developing negative sets from SNP markers 
is easier because by changing the 3’ -end of a primer, it 
is possible to select the specific genotype for which the 
DNA fragment will be amplified.
In this study, we developed negative marker sets 
for multiplex PCR for 16 major Niigata rice cultivars 
including ‘Koshihikari BLs’ using 14 SNP markers 
and two STS markers. Of these 14 SNP markers, 10 
markers of which the 3’ - end of primers were changed 
properly were used for one or more of negative 
marker sets, resulting in the effective construction 
of these marker sets. Each negative marker set 
was composed of one to four markers, and the 16 
negative marker sets were composed of a total of 33 
SNP markers and three STS markers. By using nine 
negative marker sets to discriminate hybrid seeds 
crossing between a target and contaminant cultivars, 
we found that these nine negative marker sets could 
detect outcrosses. Using a bulk DNA preparation 
method for seeds or rice powder including target 
and contaminant cultivars, these 16 negative marker 
sets could discriminate contaminated samples of 
which the contaminant cultivars were included in at 
the rate of 0.4 ％  –  20 ％. These results confirmed 
that these negative marker sets will be a useful tool 
to certify ‘pure’ seed strains by effectively detecting 
unexpected contamination and outcrosses.
Development of Negative Marker Sets to Detect 
Contamination among 16 Rice Cultivars in Niigata Prefecture 
and Its Application with Bulk DNA Preparation Method.
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